L. Polomack for technical assistance and the members of the Microenvironment and Immunity Unit for discussion and support. The data presented in this manuscript are tabulated in the main paper and in the supplementary materials. This work was supported by the Institut Pasteur, grants from the Agence Nationale de la Recherche (ANR 11 BSV3 020 01), the Fondation de la Recherche Medicale (DEq. 2010318246), the Fondation Simone e Cino Del Duca from the Institut de France, and an Excellence Grant from the European Commission (MEXT- CT-2006-042374 Jianfei Yang, 5 Shomir Ghosh, 5 Ashlee Earl, 4 Scott B. Snapper, 3 Ray Jupp, 6 Dennis Kasper, 1 Diane Mathis, 1,2 † Christophe Benoist 1,2 † T regulatory cells that express the transcription factor Foxp3 (Foxp3 + T regs ) promote tissue homeostasis in several settings. We now report that symbiotic members of the human gut microbiota induce a distinct T reg population in the mouse colon, which constrains immunoinflammatory responses. This induction-which we find to map to a broad, but specific, array of individual bacterial species-requires the transcription factor Rorg, paradoxically, in that Rorg is thought to antagonize FoxP3 and to promote T helper 17 (T H 17) cell differentiation. Rorg's transcriptional footprint differs in colonic T regs and T H 17 cells and controls important effector molecules. Rorg, and the T regs that express it, contribute substantially to regulating colonic T H 1/T H 17 inflammation. Thus, the marked context-specificity of Rorg results in very different outcomes even in closely related cell types. (1) . Beyond their well-described role in regulating the activity of other immunocytes, T regs located in parenchymal tissues control other, nonimmunological, processes. These "tissue T regs " include those that reside in visceral adipose tissue and regulate metabolic parameters (2, 3) and those that help channel inflammatory and regenerative events in injured muscle (4) . The activities, transcriptomes, and T cell receptor (TCR) repertoires of these tissue T regs are distinct from their counterparts in secondary lymphoid organs.
Another essential and specific population of tissue T regs resides in the lamina propria (LP) of the digestive tract, in particular in the colon, where these cells modulate responses to commensal microbes [reviewed in (5) ]. Colonic T regs are an unusual population that has provoked some contradictory observations. TCRs expressed by colonic T regs show marked reactivity against microbial antigens that seem to be important drivers of their differentiation and/or expansion (6, 7) 
Nrp1
-colonic T regs . The ability of single microbes to induce colonic T regs has been more controversial, and the need for complex combinations (10, 11) has been questioned (12) . Fig. 1A (top), fig. S1A, and + T regs express Rorg (40 to 60% in C57BL/6J or other inbred mouse strains) (Fig. 1B  and fig. S2A ), a phenotype largely absent in spleen or lymph node (LN) and among FoxP3 + cells induced in vitro. Helios and Nrp1, described as markers of thymus-derived T regs [reviewed in (8) ], were absent on colonic Rorg + T regs (Fig. 1C) ; this absence demarcated three distinct subsets of colonic T regs , with Rorg + representing the majority of Helios -cells (Fig. 1C and fig. S2 , B and C). Consistent with the RNA data, Rorg + T regs were also detected in low proportions in the small intestine (SI) and regenerating muscle ( Fig. 1D and fig. S2D ). In keeping with a recent report (17) , Rorg + T regs were distinct from those expressing the IL-33 receptor, most of which were Helios + ( Fig. 1D  and fig. S2 , B, C, E, and F), and from Gata3 hi T regs (18) , which also belong to the Helios + T reg subset (Fig. 1D and fig. S2, B and C) .
We asked whether RORg is also expressed by colonic T regs in humans, by staining cells from healthy or inflamed (Crohn's) colon biopsies. Rorg + T regs were indeed detected at comparable levels in both contexts (Fig. 1E) .
Rare T regs expressing IL-17 and Rorg have been observed during chronic inflammation or cancer, usually being Helios hi [reviewed in (19) ]. We tested IL-17 production in colonic Rorg + T regs . Although IL-17-expressing T regs could be detected in the SI LP, colonic Rorg + T regs did not secrete detectable IL-17a or f (Fig. 1F) .
The properties of this dominant colonic Rorg +
Helios
-T reg population suggested a link to the gut microbiota. Indeed, GF mice had a lower proportion of Rorg + T regs than their conventionally raised specific pathogen-free (SPF) counterparts ( Fig. 2A) . During normal maturation in the mouse, Rorg + T regs appeared between 15 and 25 days of age (Fig. 2B) , coincident with the changes in the gut microbiota that accompany the transition to solid food. Note that Rorg + T regs appeared a few days after Rorg -
-T regs . Antibiotic treatment strongly affected Rorg + T regs (Fig. 2C ), a large reduction followed a broad-spectrum antibiotic combination, whereas individual antibiotics had less or no effect, which suggested the contribution of several microbes. As the reported impacts of various microbial species on total colonic T regs have differed (10, 12), we took advantage of a panel of mice generated in a large-scale screen in which GF mice were colonized with a single species from a panel of 22 bacterial species from the human gastrointestinal tract (table S3) . A number of microbes elicited colonic Rorg + T regs , with a gradient of responses and, for some, at frequencies comparable with those of SPF mice (Fig. 2D) . This restoration of Rorg + T regs was independent of bacterial load and not accompanied by inflammation (fig. S3) . Bacteria able to induce Rorg + T reg (and colonic FoxP3 + T regs more generally) belonged to several phyla and genera and were not restricted to Clostridiae (10, 11) . Segmented filamentous bacteria (SFB)-which are classic inducers of Rorg-dependent T H 17 cells (20) and which elicit IL-17-producing T regs in the SI (21)-were only mediocre inducers of colonic Rorg + T regs , which reinforced the distinction between the cell populations. We noticed diversity within the Bacteroides genus and assessed a wider Bacteroides panel ( fig. S4A and table S3 ). Here again, a range of colonic Rorg + T regs was observed. This distribution did not relate to the Bacteroides phylogeny for these strains, and there was no unique correlation between T reg -inducing ability and gene content ( fig. S4B ). Colonic Rorg + T regs did not appear immediately after GF colonization but only after a few days, again after Rorg 
-cells ( fig. S4C ).
Several reports have suggested that short-chain fatty acids (SCFAs) promote increased colonic T regs (22) (23) (24) . To test their relevance to Rorg + T regs , SCFAs were quantified by liquid chromatographymass spectrometry (LC-MS) in cecal content of monocolonized mice. No significant correlation was observed between any SCFA and Rorg + T reg frequency or to other T reg parameters ( fig. S5, A  and B, and table S4 ). In addition, we could not reproduce previously reported effects of oral or rectal SCFA administration ( fig. S5, C and D) . Although SCFA combinatorial effects or intercolony variation cannot be ruled out, SCFAs cannot alone explain the microbial impact on colonic T regs observed here.
To integrate our observations with intercellular pathways that influence intestinal T cells, we measured the relative abundance of Rorg + T regs in mice lacking receptors for key cytokines and alarmins. Signaling through IL-23, IL-1, or IL-33 receptors was not required to sustain Rorg + T regs , nor was IL-10 ( fig. S6, A to D (Fig. 3A) , as validated at the protein level, including the unexpected CXCR3 (Fig. 3B) (Fig. 3D) . Second, Foxp3-cre. pathology nor any change in FoxP3 intensityshowed a reduced frequency of colonic T regs , and, more specifically, of Helios -T regs ; the proportion of Helios + Gata3 + T regs was correspondingly increased ( Fig. 3E and fig. S7B ).
We noted that the loss of Rorg + T regs in Foxp3-cre.Rorc fl/fl mice led to increased production of IL-17 and interferon-g (IFN-g) but not T H 2 cytokines like IL-5 or IL-13, by T conv cells in colons of otherwise unchallenged mice (Fig. 4A) , which suggested a decreased ability of colonic T regs lacking Rorg to regulate inflammatory responses. We thus assessed Foxp3-cre.Rorc fl/fl mice in the trinitrobenzenesulfonic acid (TNBS)-induced colitis model and found an exacerbation of disease severity, in colitis score and histopathology (Fig.  4, B and C) . Furthermore, after TNBS challenge of GF mice monocolonized with different microbes, the frequency of Rorg + T regs correlated with the colitis score (Fig. 4D) . These results imply a nonredundant role for Rorg and Rorg + T regs in colonic homeostasis.
Thus, Rorg contributes unexpectedly but in an important way to the T reg response to commensal microbes. This role contrasts with the accepted dichotomy between FoxP3 and Rorg, a notion stemming mainly from their antagonism in vitro (14, (26) (27) (28) ; perhaps this relation has been overinterpreted. There had been indications that the two TFs are not incompatible (19) , but the present data suggest a collaborative transcriptional impact, consistent with the overlap between their chromatin-binding sites (29) . The context-specificity of Rorg's transcriptional footprint is in line with its broad involvement in many immunological and nonimmunological processes (organogenesis, circadian rhythm, and lipid metabolism) (15, 30) . Rorg-dependent Il23r expression in T regs also raises the intriguing speculation that human IL23R genetic variants associated with inflammatory bowel disease (31) 
